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i. ^#*ft«**#a#*s»#, &ft&m&±.m'>Mf& n n m& 
^^hiii^^, J9f« n m&mm& i m*db 2 n m& 

M&MMEia GaN jjfjft N Si ft/ft, l 

Amtk4lrt&9#M&*ftft GaN SK AlGaN, J? j*£ 2 jl|i£8J2/&Mft4fc«Hl& 
##JI&3M*&#J GaN, AlGaN l£ InGaN. 

3. ai&fts* 2^3 fmrnnvcm^wR^tTt^, mm^t, #t 
% n 3&ttJgA*rj&fct 3x io i8 /cm 3 w^uft^fci*. 

N M^MB^rW^F^I 8X 10" 3 Qcm ftifelfia*. 

6. -fl»«<fc<W¥##»*7C##. &&&mfc±m'J>Mf& N feftft N M 

Jffifc N $LStt£&£4>JBft** N SMWM^f#I^*M N £ 

GaN/GaN, InGaN/GaN, LGaN/GaN InGaN/AlGaN 
SUSAWSAW^i* 8X10- 3 ncm ftfeH*. 
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10. *ntt*J£« 6 ^WS^^##^7CS#, 3WSE£^, 0fJ* N 
GaN ±, Mii^^W N GaN, ^^^ff^^ttlW^it^ 

ffim&f&fonitV!i*wtem&m.'j> i jg^^dtiK n itMiisw si, igg 

tIEU 1 Wr7£/&lft3l 1 GaN l£ MGaN, T&fe'&W, 2 ffi0fJB*#A<j 

m 3 GaN, AlGaN sJc InGaN. 



* m 45 



(In x Al y G ai . x . y N, O^X, ^Y f Y^l)«J«W7C*#. 

«ft«¥#i*B*ffl*^*»*««Si»fe»* LED. j£ft LED. 
ft LED M^SS, 2fc3U*-**J\ ffl*fc#*M£***##«+3icJBfls. 

W InGaN SE^W InGaN ^M^ftU® WSttJSsMg AlGaN 

20mA(*^)4', 450nmGfc#) MMft LED ^ 5raW(^D, ^§PM^^ 

*9.1%» 520nm ift^ft LED 3j 3mW, 6. 3%, 

%2»StT» "TpMiSftj 410nm #J$g^(M$fl Jpn. J. Appl. Phys. 35 (1996) L74, 

Jpn.J.Appl Phys. 35 (1996) L217 «) . &ftttft5G##A : ffg£Jt&tt, & 

ft&faAWtt/B InGaN fcl^M^^M&fcl (MQWs Multi^uantum-Well) 

M, £fl*#3&Jg 2ns, flfc#^8! 2ms *#T. WMfeffi 610mA, 

8. 7kA/cm 2 , M^f 410nm ffjfg^o llfc*h #&H8A^teW&£^$&Ti£^II^ 

^^W^^^:^ (#J$P Bilf 1996 ^ 12 M 2 B 

Appl. Phys. Lett. 69 (1996) 3034- > Appl. Phys. Lett/69 (1996) 4056-^) . & 

«'7C##& 201CT, 3.6kA/cm 2 , mfefeB. 5. 5V, 1. 5mW &tti 

®ifctl^#^mBlU LED(»^&7C»#: Light Emitting Device)^ 
fflft, LD(^^fc-^#: Laser Diode) Ei£5!iai*|R«*+*ltfSa, <B^7 

^ led TMtamwmitm, *s^wta*»ji^a*±. Wia-^ji^K 



: nm-~&&kM&mo utti, tra led 7tm*& 20mA vf&i£3.6v 0 ft© 

*»WW**ait. »J&miiA LED. LD-«ftft4fr¥#tt 

M(#Ift%PJi^ 3Xl(T l Qcm W±). N M&JK rT^W#W IV ^tc^^ 

Si. Ge> Sn-«, Si. N M&M;§W^:&M#lft»tttl¥##m 

Rl^ GaN. InGaN. AlGaN {S N M^MM^^ In. Al M GaN & 

1 mtt^¥^f*§#3> GaN £ AlGaNo Jg/&^ N ft^t&Mlfll W 

31 3 *t*fc4lH|s##ft#*; GaN. InGaN J& AlGaN «. ##JS, Si |ft N 



-M&JttJg(g 2 GaN, M^^W GaN (31 3 M)/Si GaNtfg 

XlO'Vcm 3 G^tt**^*!*. «*AjfcJB?3jj&, t&K*RP*» 8X10 3 
Qcmo W&ft N 8X10 3 Qcm *jPB, (0f$n£B^$| 

5,733,796 -*§•), fil?fttt?tt4>j!fc«|B*MHK Vf. £9&ftt 6X10 3 
Qcm UiT, 4X10 3 Qcm WT. S3E#3U#U£TPB, {§S#i«£ 

ixio 5 Qcm m%&Tmm&&i&m, temmw^&g, tEftt* 
ftw^^ftmi&M&ikttmwm. ^m^m^imtn^. 4oo-c~9oo-c^ 

A1N, GaN, AlGaN 0. 5^m UTttmm, ^*0«# JgMtfitM^ft 

1 JI£-i£GaNtit^T, *7 GaN ^WM. 

fKj&#J&J¥£ 0.2^ UAT, 0. 15nm WT. S5M#»I«£TR. U 

•M»ftlOSm±, &##£50&!^±, ^##£l00i£^±o I3t^ 

#r*S N £&«*JS A£d>M*W N M&AttJKtt*^##JS5***T N a 

l WR% 2 KW^^ N N S&jRjgtt? JS4> 

UI2 ftft4ftr4£9ttJS. MiB^m 2 &tt,tl¥##M(N S^Mi) 
lit. 

£±&m 2 ft4fc«^9^ft^7c»#*t>. aftf«»ft»*)sii4 ioo 



°C~900°C^^!l$n A1N> GaN> AlGaN 0. 5|am UATWIRff, W^ftS^ 

£l ft , 3? ft $ n MgfcfeMiftaate^M&ftiij 

GaN/GaN, InGaN/GaN, AlGaN/GaN Jg InGaN/AlGaN £&£-#jM'&^M£5iI#ft 

£ 10 &GJl±. 3 «Kfc4li^«MAM4ftAttttN^«fftt»T. 
%Pfl^il#iUii lXlO-'Qcm #r WittlM^-^^T 0. ljun 

tt. Vf WffftHRfeffiHRilQ. Jtb^h, 3 JK4t4b4£9#JB£*&. * 



M fcB o 

j&j&±ftmte=?m®M n mmf&%vSMG 3xio i8 /cm 3 iu±a«r**?tt 

ft. ^fgiftjg^z&tt, %fi*A** 8X10- 3 Qcm. B&lft N M&ft&Mlft 
8X10" 3 Qcra WT, 4X10- 3 Qcm EAT. S*#j3iJPB£ 
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24 m3ait^##^M 


25 um&m 
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30 p m&m 


31 pmmmm 


32 P 


33 P*?^E%$ 


34 N 


35 mmm 



%tfoM& l 



m&, &Mmfr&im&. fort, , m^nikW¥Wftm&jmffi. z ?-mjg±T 

3xl0 18 /cm. 4M7tnft% NIM. <EM&m Si s£Ge, 

Sio 

stttt Att. &mm®m n iMWi 2 fcft4ft4&9{Mi<r£Ktt Att fe& 

&Jft7B£c 2 

ft l Br±ttAttAfftt^. At$i*« N JBAAftftftX 2 ftit«^« 
ft 2 ftifctt4&9ttfi*8»?tt*. tt^Rr**«# 2 *tt4lr*4ttJBd>tt 

Sio 



100*eiTS##«70«WT, m&MlE 10-40 #mr. 
1100 i£, «RM^Mftib*^##JSA#KM^nftft«^#^JeBP 

#*tt**tt*te**##JIS4>** Ai Jt#ft£4£ 
Ai,Ga 1 . x N(o<x^D#. £-3rffi, «Bttft«hamft*¥9#fi£*flrRtt 

««*»tt**»*fli**4f#^ttJKifc***#. <S**f£ AlyGa^yN (0 
^Y<1,X>Y), In z Ga l . 2 N(0<Z<l)W 2 7C«*, 3 jnMA^fM&^tt^ 

¥5#*£|R±** In. Ga ft Al,. x N(0<X<l) f *l»|g*/|>fl«|JRft;«r*^# 
Al ft In 2 G ai . z N(0^Z<l), X'^Ift&ftttA&A&ttttfe^llir 
B, MftX Al $BAfcfc(Yte)£ 0.3 UATtfJ Al x G ai _ x N(0<X^0. 3)J§ GaN 

mm ai «Aitffittfttt4MM»#. B'&M&tiLmik&ftMZHkmmtt, s 

m%=?mfo$--'m% ai «AttiftAttJB-, ■& j F£.&n&fanmB\*Ttom 
m, tiL®mmun\. @nt, AinAtbA^js^riAAttA^ib^, 

is6*/hfl<i«ib«&*#^w um&mi&mm.ft^m. &&mftwm\%&nw 



2 ^PMtf^T, AlGaN -^GaN*gtfc, fcPI 

*£*£$'JWlUTf£/B. #Jft# AlGaN Jgi? GaNM^&l*)* Mg'|#7£T, AlGaN 

mm Mg sttfc**. a-xm. GaN iw^±tifs 

AlGaN Mm, Mg fi!lSttlfc$|. ft ft. BP1£3#& l(10 2 Vcm 3 ltt Mg, *I*f 
^GaN^(10 17 /cm 3 ^jgfti^^$fcjg, AlGaN 5E&*f 1 (10 17 /cm 3 g& ft Sift 
mit, W AlGaN/GaNf£;ftj|g&^, ftS&^nTSSftfc&k^ 

GaNM±^^^^^M, ftaMUTflft^ttjBtt?. A^f^^a* 

&&mm%i&T, mm?m&&m{>tt AiGax m&%>, mm±, mm? 
*g AiGaN mftm, his*® mm*ft*>%tWtmm.nm&m* mtt, RPtttfnt 
mm'Mtom.itys¥wti* «ehhk«k#7g##. led 7cs&#kj 

mtt;^¥^^M±W^^*l:^fi^E l(10 17 /cni 3 ~(10 2 Vcni 3 , 
(10 l Vcm 3 ~5(10 19 /cm 3 mffl. Sg'J^ l(10 17 /cra 3 , -5 St IB * * WM^^^ 

i(io 2 Vcm 3 ^^iS, fl^&*x*#*£ll«Jft?Ji£tttilft. a-JSfffi. ff 



&£#d> 1/10 frjifcWiTSmiMbMAttJg, if 

(10 19 /cni 3 .^To ft* -Si* Ge, Se, S> 0 IVB. VIB &7n|« 

*i*'M*##J*jfc>. Mft*ki&, Mtn#\2k®%! Si Itt N M AlGaN -% 

to GaN mmj&mfeTmtfiMT, aig & n fift^ si mui*^* 

tt^E^MMSftafc^toftSL^ift. Hilfc. fc^^E GaN 

AlGaN ft*BP£g*, IP, ffS&^Efe^S^ GaN &£'J><k 

^AlGaN+^NS^M^^(lfcM^^Si)^tJra^^c{ii^ffi^^ AlGaN 

T^e<i^±M±^^:'^w^^^Mfi<jm 3 uvcya^^tem, ± &&&&&&& 

m 3nft®*%&m&]&!$,m.?fmvi., muz* 

In x Ga,. x N(0<X^l), U^®=f-$L& In x Ga,. x N(O^X^0. 5, m&4fe%}& 3 % 



(£MM l) mfe'Tig ft LED 

GaN/Si ®lk GaN(B)/j#& GaN(A)/^3#& GaN 

® 1 m*5*%:BM$:mM& 2 ft-sfc&fcl^itt LED Tu&ftgifttom 

M^m, &mtemm±ftm. ioso-c, ia^sa*^, s&±m^;ec®*k 

l$ffiSiC(6H> 4H> 3C). Si. ZnO> GaAs. GaN#^^#Sfe 0 
2) 

&#M£TP$M 510'C, teJWSf^^tt, TMG(H 

m.nm 2 ±&m, tmg, ^±?fm ioso-c j&ai ioso-c, bp 

ttffiffi*TMG*ttn#. ft. ^-K5(mMA9^^6aJflHJRlft4k4b^9 
#M 3. j* 1 ft^«^#M£M^JgftflT. 09*n£ 900-C-1100-CT 

In,Al y Ga l . x . y N(O^X,O^Y,X+Y^l)^^, ifc^/fc^F/B 
GaN, X <t£ 0.2 yiTM Al s Ga,^N,iPJ|^«E#flrA4fcl6^A(|ft4k4lf^ 

B&JP^FJBifc. £*S*iIttMJ¥lttJ?®i, 0. Km W 

2 sic m n 

10501CT, ®m TMG> ft, 20 &Atffft2$*& GaN Jg. & 

mumm&m, mnsiH, £.&2o&mm® Kio i8 /cm 3 si ^&GaN. 

BP 20 GaN M0r7fc/&|fl A I^^f Si GaN Mitt 20 & 

(I3M^I4) 

Si HAMS 1050'CT£-fc 100i£JBIJ?ftt^£?GaN$iJ 
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% 3 n.w,y)¥%wm 5 0 jtm z mtm^w^m^ n & in x Ai y G ai _ x _ Y N(ossx, o 

s$Y,X+Y^l)#I/£ 0 fomfo^mtit, Ml#%> GaN, X 0.2 WTSU 

Al x G ai . x N l£ Y <t£ 0. 1 WTft In y G ai . y N, gp^^^^^^^PSi!> 6<lt^» 
¥$Wm* InGaN, BP ^£±£-£3- Al Uit^J^WW^ . 

»*. ^MS^? 8001C, *ft*?ntt&JftJK. ttffl TMG, TMI(=¥S 
®), SU 30i£#|/P6<j#^& In 0 . 6 Ga 0 . 6 NM, ttAW^-Jt^lSWW 

(P 7) 

HWffifiM 1050-C, TMGn TMA, Cp2MgG$g#$), £ 

& 0. 1 u m 0J¥£Kj 1 (10 20 /cm 3 Mg P M Al 0 . jGa 0 . 9 N ffl P fU^Jt 7o jifcMffl 

&ft%mm=?mmm. ai ft4k4&*##, Ai Y G ai _ Y N(o<Y<i)± 

fc. ^74^gf B tta^fl<lM, ^£F£-fc 0.5um URmmtfi Y {ft 0.3 
(ft Al Y Gai. Y N Mo 

£ 1050'CT, ^ffi TMG> C 2Mg, ^ 1 ( 1 0 20 /cm 3 Mg P 

a GaN ih p m&mm s o. 1 » m m & mmf&m s & n m in x Ai,G ai . x . y N co 

^X,0^Y,X+Y^l)*£f/£. &&m t ^mT&, m.ft% GaN, ftlJ&SP ^^i&ll 

jas^s^M, m—^^^nn^, 1^700 

QlMm, fi±IW P flSftkAM;*:&£fi|!«ffi±. 200 J^J^J? 
Ni ^ Au igftttfctK 9, P #Je£,& 9 ±7£$, 0. 5n m J^fffi<J^^ 

ffl au mmm&i ? #&ig«4R 10. a -arm, jKj^ttsdgmtt* 2 

®*%ftm 4%m±1&J$,'£ Al &}*® 11. «M, £3?7&iiE P 9^M 
Mft® ift*7E?JftSiO,«|&*At 12 jg, fMb^ftltt, ttAn&ftffift/&350 
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um^r&ftj ledtu2§#o 

Sit LED TuSM^IEfpJffeH 20mA <f, 520nm W^^fe^Tt, -*5J£^ 

^±flc GaN f!j^M'^> Si GaN $j N liM, 4^##J InGaN $J 
JSttjWN Mg AlGaN ffl p flj'&jg, Mg ®& GaN «j p fl!l&IAJIJ6U?JIftffl 
^fiftW LED LED tt&, 20mA + RT»'<ft 0. 2-0. 4V tfj Vf, ^ 

tiJ 1ST Hi* 40%~50%o Jtk^h, »%SffiiiBftW LED 5fglU±o 

(3fc*« 2)flft7tttt LED 

Si GaN/Si GaN(B)/##& GaN (A) /Si GaN 

# 

ft£j&£#J 1 1 ft ft 40 4* A 3 R*. £K 3um J^^6U 

l(10 l7 /cm 3 Si ®& GaN, 3 fUfc4»##M 5 H*. 

l(10 17 /cm 3 Si GaN*[>, 1 mWfflft LED TCSft, ^&ffi 

imZk GaN/Si GaWim& InGaN/#S*j& GaN 

i ftm. 

BP, ft 1050'CT, TMG> Si ±& 25 10 X 10 19 /cm 3 Si 

TCTte/B TM2s TMG SIR, 75nm InGaN, Jqjlfc, Si & GaN 

#8lA^25&, InGaN $!| B H3> 75 ^M^SfS 100 M, 

m& 2nm ttiBtt?&ttJgjftfl<lft 2 It^l^I. 

$oiu±f'j^fiti^j6£^j 3 «ft led M^^mmm 1 *BHtttti&. 

GaN/Si AlGaN/3E#5& GaN 

f-mmm 1 2 4 ut, ^smi 40 #mm#& g & n m 

#r7£/£ftj#J AM% 60±£fti$ 10X 10 l8 /cm 3 Si ft] AI 0 . iGa 0 . 9 N INI, #J 

#&Jg|J? 3 vun tt&tt?&tt(2l*MBiqtt LED tcS#, ^TlNWAW-^^ltftl 
2*&«M*ttW LEDjc»#. 
(£*£#j5)jtl&^£?fa 

InGaN/Si GaN(B)/3N#& GaN(A)/##& GaN 
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99. 

5%M®\ 1 tin, 2Ej£^(C IB) ftJS* 20 ±£-fe 200 £ GaN flMfli 
I2K 5|w #M GaN «UH 1 *4fc**##JR 22, 20 GaN £ A Jg. 

20 $ Si GaN M B @j?rJgft& Jiff 3nra ft ffiBj&MM 2 fcfl; 

**##^23(* 2 mikw^wwm 4 w^^-^^m^j i «n) . 

$'J/&lttS&±, £-£3! IGaN/I, ^Egft'Sil IGaN M±, Si0 2 ^fflj&j&ftft 

^##^w£*cT^M±i&ffc#'jBi, a-^ajatj»k«y»j«. Tfr^ ig & n 

m±§L&% 2 GaN, ^ Si0 2 ±£trn]£-fcSfl 2 GaN, 4ft ft 3$ & ft 2 GaN f it 
fflU 2 GaNM^3S«^^W«Hfc4g|^##ai« f £ift«|jUfc*&¥^# 

c* 3 n.itm**{*m 24) 

800'C, TMI> TMG> ft, 500 £J&#6?J^ 
& In 0 . 05 Ga 0 . 95 N#f7£j&|ft3l 
(N #J^M 25) 

^IS^ 1050'C, $SIt 200 MM 20 10X 10 19 /cra 3 S I 

Al 0 . 2 Ga 0 . 8 N |, 20 GaN B, Mf&&Mm 0. 8nm ftjggte^ 

«• n 254 mmn^mm^mmmR^tmmm, ai 

T, &## 500 #m±, 2nmlUT. lfe*h, ttNfl^je^Affi^M^A^ft 
(N#J^MM26) 

tt*. 0. l|im$UPto 5X10 17 /cra 3 Si i^NlGaN $ !| N #J ft ^ jg . 

1& N Myt^MRlfci¥%Jt£te.MtftytMMf Mt&£.K GaN, InGaN 
100^-5 urn, ^## 200 ^-lnmJ^/? e ttNMJK 5 fijR-jftAM Si, 

ttS&jl 27) 

£ 800-CT, £K&JBIJ¥ 175 &ti£*ft?#&tt(MQW)ti*iH£ 

M27, ttmTftmmte 2s%kmm& inn. i G* 0 .#mmj&. 
(rnmmrn 28) 
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300 £jigJ¥fi<J#& IX 10 20 /cin 3 Mg Ift P S Al 0 . 3 Ga 0 . 7 N #J P flyfflHtjg 28, 

* p mmmm 28 ifi^ p a^/swa, m&Tm&wm, n 
a*jRffl*H*ttft?tt i a. m&m#&m. ?mm 

mm 28 mm&m&iE o. i ^ wt, 500 ^wt, 300 $ 

BIT. 0. lum tom&, $4ftRP$£#!A p gffllftjg 28 £Jg 

a^E^^^14^$f^mtt,tl^^#M^^^^:« Al ftiatt^W AlGaNj&?i, 
LD 7C«#IP«#A|S9F. fl*f. Y <££ 0. 2 M m m±«j Al Y Ga 1 _ y N, 

P«filHtJB 76fl9.«ffTRfi.3E#»IRj£, 10 

(p fiai5fe#M 29) 

mm, o. iiab ®t#ffj3mitg*& p ttrasts 28 ix 

10 19 /cm 3 SMg tfj P £ GaN ft P iifc^I. jfcJg/B*ftsfciSttJIW#5JS, 
^ N{5!!l7feMM26 RftfcJL GaN, InGaN^-fe, foftlitmfc *Sm%:W%$L¥z P #J 
30 Bttfj^#M, ^fib^^-fefi^ 100 ^~5nm, &te#;*7 200 i£~lfini 

(P#J^M30) 

lX 10 20 /cm 3 Mg W 20 ^ Al 0 . 2 Ga 0 . 8 N IX 
10 19 /cra 3 Mg |ft 20 ^ P m GaN JBXSJM*jB*# 0. 8 pn ft&fe?jg£r7&lft 

ft p «m 30. jtb/i-^ n ««LjK 25 mwm&ftftMmm, m ®?Mfe?m 
m, p mmm&mmm&tom. j& p i^i 30 ttjjtj*£;M$j5u 

Rj£, <S1[^100^W±. 2nmlU±, 500 i£lU±, ljirn WT^-ife. 

(p mmmmzi) 

150 2X10 20 /cra 3 Mg ft P 0 GaN U ? MSilkJg 

10. P 500 £ ISA T, 400 ^E^WT, ^##£20 

&J&£!fJfc/5, ^H/£#S§F*J, ^m^*, 700'CT, « 

0f**. Jf RIE *f ^±^ff} P ft|&ttJg-5 P m&Js 30 tjfe^J, 40 |om 
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«fifi30iftjpj, ^^^£N 11 ftg 2 23 ftXffllltt, W 

&*. ^#g(J£SP3lffi±^/& Ni/Au ffelj P 32o 2 
^ P «8 32 ft P i^I, P ««MJS-31 ^®±7£/& Si0 8 lHSeilfcAt 35, 

35 P 32 p an>f- «ff . £-3f®£mr 

2.0kA/cm 2 , ^{t^ffi^^i£4V, *Mrllffi$!) 500 4*tt&±. ■ 

(%mm e) mfe=?i£m LED 

GaN/*i*sfr AlGaN/Si GaN/^*#& GaN 
?3felt« 1 +. I 2 Jfrfc*M*##S£-fcltf, 20 i£fft#& IX 

10 l9 /cm 3 Si ft GaN I, 20 Al 0 . 10 Ga 0 . 90 N Jg, <£jfc*t£-fc 250 

£Ke*j&m# i.o fim (ioooo mmfeTmmffiMj&tom 2 jmis*£|&* 
im&m&mmm'mn 3 bp vf led, 

% 2 Sifc^###M#^ *Pfl^A!fe, Vf «£HH£. iifc^h, , *iftffit$&tt LED> 

GaN/Si #55Sf'N M GaN/##& GaN 
*^F*»«*Jt»*. LED 7C«#$ttft||$ft/& N MiMIW^ 
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m i n.ikVd*wftm) 

i &m$L&miWm i b, tmg, mmm±9\-m losor. 

GaN^f^^a<j^ imw#i3, 25 1 5$ wm&&mftm 

tlhU, Wtn 900 , C~1100 , CT£-fc, pT^ In x Al y Ga l . x . y N(0<X,O^Y,X+Y^l) 

GaN, jgr* X 0.2 l^Tltt Al x Ga,_ x N, IP of 

A?&#&Atttett4>ttfttttt*##js. mm^^ta®, £.&®m. 
ftmm&imm, 0.1 w± 20 nm iut^m^, jftsa^fc** 

mm, & io5o*cT, ®m tmg> 1^, £ 

^3^J^j?^Si#^GaNMcifeB2E^^^^#^4^prWln x Al y G ai . x . Y N(0 
<X,0<Y,X+Y<l)#3/£, ttmf&^m®,, *»^-GaN, X 0. 2 -UlTW 

Al x Ga,. x N y 0,1 T" 6tJ In Y Ga,_ Y N, BP£^&$£$ Jiftpg^ftftftgr 

± 20 pa WTltt£l#. «*ftS*JG*#«F«l, 
l*)#£-fcGaN, ^m^^SBP^? lX10 ,9 /cm 3 , *|H^^ 5X10- 3 ncmo 

J**. TMG, 105010^0. 15nmJKffW*^jftGaM^ 

WHS 3 )ftft4fe¥9#A. Jfc» 3 ftfttt^ftjg 5 ^pTUi In x Al y Ga,. x . t N(0< 
X,0^Y,X+Y^l)fa/£o jfcfflriWBifc, Miff-^J GaN, 5g=;*f X 0. 2 WTltt 
Al x Ga,. x N «Jc Y 0. 1 ^T^J In Y Ga,_ Y N, IP Wifc^*#^t!l^Pg/J>tfjM'&^ 

InGaN, Al ftfls4&¥##^ &_t1f 7£T , rTBST 

±^f^i^A^- Al ftit^##f*^. Jft^«Uil^-JRifc«r*9#J»-|fe* 2 ft 
4fc*Ml*-3#g1*7BT, f^lM^^l, m2ft4t^l^##H> % 
3ftft**9#JS^-KR-ffl^Wftifc4fc**# f #3l£GaN. 

jffc LED ic*#-?iEl«3*JE 20mA + , S^tti 520nra 

GaNM^&^S^Jitfj^ttM, Si ^^GaNff^^W NiiJ^teM> #-—4 
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¥ S£#3#J InGaN ff^^c^^ttM, Mg AlGaN, MM^I, Mg GaN 
Sjftft PHiMIffli^Bt^^^ LED t£&, RT^ 20mA Vf 
P${ft 0. 1~-Q. 2V, $F$!rtil$|i^ 5%~10%„ 
(£5£#J 8)HIIi^|^ LD 

^^^.In 0 . 05 Ga 0 .9sN/Si N M GaN/##& GaN 

*^B^^M^^ 1 ±- LD 7C^#^ifiMS^^ N MgliMitt^;^ 

^^mm mm, ^m^^cc ffi>^js^ 20 ±, 200 GaN m 

&ftm, iSg±^M 1020-C, £ 1020T?T. 5 nm GaN #J3g 1 

22o 

GaN#r^/£lttJ|2m{fc^^#Jl23. ^fcPfl^^ 5 X 10- 3 Qcm. 

(m3m^ti^^^24) 

800-c, ^ tmi> tmg, fc, 500 mm^nm^ 

In 0 .o 5 Ga 0 . 95 Nfijm 3 n.it^}^WWm> 

wm&m 25) 

4>M*7 1020'C, # l X10 l 7cm 3 Si^NM Al 0 . 2 Ga 0 . 8 NJl£-Bc 
2f40i£, GaN 40 i£, ^SI# 40 M#/&j@fe^4*J o 

lttN#J^Mffi*f^^ic^^iif«M^^«Mo 
(N«||;)fc^#26) 

g*, 0. 2 nm 1 X 10 19 /cm 3 Si N H GaN #J N fiPJft^jl 26c 

W N#Jft## 26 ^*f^^rS14MW3t#M, :t±-&GaN> InGaN, 
100 jim, 200 M m #JjgtJ¥. jifc N f'J^-^M 5 3FrT^ 

27) 

^ 800-C, <£Si In 0 . 2 Ga 0 . 8 NMj£lft#M£-£ 25#|Jg|J¥. ^ 
*, tt^ifc TMI #]^;fct£, 50i£flf£ffffj Si In 0 . 01 Ga 0 . 99 N J?f7£/&tfj 

Pl^M. ltfc^^Sfi^^T2^, ^#M##MMf£/££^#*£$(MQff). 
^mm^B 28) 

^ 1020TCT, ^.m TMG, RTMA, f[. Cp2Mg, 300 #UBUP#J 
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#"8RiB*tfcSttfi*W lX2 0 20 /cra 3 Mg ®%t P m Al 0 . 3 Ga 0 . 7 N #r7£/&tfj P flffl 
=fiT N iMffi^MIfW i a. P tifflRtJS 28 KJ*ft«ft:& O. l ^ wt. 

o. i tomm, attip*?*A p stmmm 28 +. 

ttMtt. Al W^^it^M AlGaN ttft, U> fflfr, ^ 

A Y fc£ 0. 2 U*±|fl AlyGa^N, ft£FHtt« 500 ^WT. P flfflHUS 28 ftjg 

<p«*9JS) 

^ 1020"C£-{£ 0.2 nm JBI^tfj 1 X 10 18 /cm 3 Mg P & GaN $j P 

«3fc#®. jfcSJfNUft^Jg 26 ft^GaN> 

InGaN ft£-fc 100 jim, 200 M m Jg#, jfc P ffl^fc 

(P #J^M 30) 

T 1020'C£& 40 lX 10 20 /cm 3 Mg Al 0 . 2S Ga 0 . 75 N 40 

p a GaN i#im 40 mffiBj&m&^mft&tt ? m&m 30. i& 
n {Ri^a 25 Fo#/B*ft**%?&ffljs. mm^mfa^mfo, sp^t p 

(PiiMI 31) 

150 i£JBI#ltt 2X 10 20 /cm 3 Mg P M GaN $J P fflgMAJl 31. 

sjs^m, 7oorT, ia^f^>t^^, a— 

%ft&m±mM p iiMi 31 ^ p m&m 30 t^y, ^/am^r 40 pm *?ft 
wwsp^^o flra^ #*jA«tt«m±* ai i^^Mwwi^f 

gf^P. ^ #£B:£Sfl:£®±7£j£ Ni/Au ffej P 32c Bf&H 
5 Al « N «;|R 34 ^ AM** 2 *ifc«f**#* W*a^»«ffi±. *l£££B 
^^§P 80% ^±^M^R 0 $qjft*S*f ^ P ifefc 32 Mfcl* 2 m.it%}¥ 
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Jtt SiOxlHttttjK 35, ^A9iiAjK:«lfclR 35 ^ P 32 fc^gglft Au « 

®M?&^l[^^^%^^ri«]^^^^, lUjftttftffiftj&^M. Si0 2 
% TiO,*%*JMt^#|RMHIf±. SJe^fi^ P «4K5ft##gttt*r 

££Mi&T, i${t%^Jg.5kA/cm 2 , 4.0V, 405nm #Ji£ 

#J*8r ln 0 . 0S Ga o . 9s N/Si N M GaN/#j& GaN 

^ssw*, m 3 jKitttr^?#js 5 ^-kb*, 8oov, &m tmg. 

TMK ft. 200 *£$t#tfj#i^ In 0 . 05 Ga 0 . 9S N M, jfc^HW^3fe*« 1 *B 

frm*%;®&*mmo mm±, sp^ si 1 sscb 3 

lX10 l7 /cm 3 KT, -*5#*jfr*Btfc. H&SlWJIfejIfcft, 

RHftgifr. fifeftH. #3E*»ffl1*ra(#*Jgfc£Jfi« 9-11), ffi^It 
InGaN/Si N £ GaN AjBtt?£$tt/3|£*& GaN, GaN/Si i^Ni 

(£M#J lOtttt^i&fl LRF 

GaN/Si GaN/#£& GaN/#£3f InGaN 

10 w led ^mmm 1 *m?&/&ttti>jB 2 sjg. t^gntm 1 
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&*, £ 1050'CT, &m TMG, n,R Si H, ^tt>^£^ 2.25 fio ft 1 

X10 19 /cm 3 Si m&W) Si ®& GaNl, 

*Mfc*fs , & 1050'CT, $fl§TMG#&, 20 GaN Jg, ft 

£ 800'CT, TMI> TMG&iC, 10 \m InGaN. fcjfc, 

£3M*sfcGaNJ5W/8ft AI^ 20 &, InGaN ft B 10^, 

ep&SMfi 20 m, ^Aj&Mff 600AMte^te#r7£/&ftai 3m.ik®¥Wi* 

m. ±&\2k*m^%mm 1 9 ft led 0 

in W±$iJ/£#j£J£fcl 9 ftjg&^gi**! LED JHfi^tttt 1 ttftfttttt. 

GaN/Si N M GaN/Si GaN 
J F2fcJS«6+. ia^^##M3#^SilX10 17 /cm 3 , f 21 

ikVd^Wttm GaN4 Si 8X10 18 /cm 3 , % 3 gC4fc$J¥##/I##&*h 

(£JS#J 12)HMM#^l^ LED 

Si GaN/Si t^Nl GaN/3l^$? GaN 

Tmmme*, r&h 3m.itw¥Wftm*&& si ixio ,7 /cm 3 , ^2sc 

fc4&*'*#JB GaN4 + Si8X10 18 /cra 3 , Jg 1 *Uttt**#Jg 5 3M#&*h 

(£M#"J 13) H LED 

Si GaN/Si N M GaN/Si GaN 

?%mW 6 II 1 H 3 «UM&¥##M 3 ^ 5 Si8X 

10 l6 /cm 3 , m 2 GaN4 Si 5X10 l8 /cm 3 *h |1J#?£/&7U 

(mmm i4)»»^*.i*led 

GaNSi GaN/##& GaN (A) /Si GaN (A) 

gtttt 14 ft led ^^mm i ten, ^/a«?*JB;tjg. &*&nm 1 

»B*#T. £K 1.5»»tt##*6aNJB*|J|l I«t4fc4fc*##j»3. 

&*, £ 1050*CT, {gffi TMG. M.*%R Si f^Sfj^^-^ 2.25 ft 
#W 1 X 10 19 /cm 3 Si W Si GaN M, 2 ft4fc&¥^#Ji 4. 

mm, £ 1050'CT, 4&m TMG Stn. 75 nm GaN, £*B 
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^ISTtffl TMGn n.*%R Si H, 25 VkfoWG lX10 19 /cm 3 Si ft Si * 

&GaNM- Jnjlk. &3MflHfeGaNJ?r$jafflJS3r 75 i£]Jfc*h Si GaN M7£ 
■*tt»*25 r %, iPXa©ft25jg, »jAJmJMOO»&ft?Jfttt£f&jAtt 

&«lrtfi*h ^gttffll 1 ffiR|JfcJgj& LED 7C«f*. 

fcttJJffcfW/fcto&itfll 14-»a#^»» LED JW^&JfcW 1 fflEWtt 
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